Context. W75N(B) is a massive star-forming region that contains three radio continuum sources (VLA 1, VLA 2, and VLA 3), which are thought to be three massive young stellar objects at three different evolutionary stages. VLA 1 is the most evolved and VLA 2 the least evolved source. The 22 GHz H 2 O masers associated with VLA 1 and VLA 2 have been mapped at several epochs over eight years. While the H 2 O masers in VLA 1 show a persistent linear distribution along a radio jet, those in VLA 2 are distributed around an expanding shell. Furthermore, H 2 O maser polarimetric measurements revealed magnetic fields aligned with the two structures. Aims. Using new polarimetric observations of H 2 O masers, we aim to confirm the elliptical expansion of the shell-like structure around VLA 2 and, at the same time, to determine if the magnetic fields around the two sources have changed. Methods. The NRAO Very Long Baseline Array was used to measure the linear polarization and the Zeeman-splitting of the 22 GHz H 2 O masers towards the massive star-forming region W75N(B). Results. The H 2 O maser distribution around VLA 1 is unchanged from that previously observed. We made an elliptical fit of the H 2 O masers around VLA 2. We find that the shell-like structure is still expanding along the direction parallel to the thermal radio jet of VLA 1. While the magnetic field around VLA 1 has not changed in the past ∼7 years, the magnetic field around VLA 2 has changed its orientation according to the new direction of the major-axis of the shell-like structure and it is now aligned with the magnetic field in VLA 1.
Introduction
The formation of massive stars and the evolution of associated protostellar outflow is still a matter of debate (e.g., Beuther & Shepherd 2005; Zinnecker & Yorke 2007) . Beuther & Shepherd (2005) propose an evolutionary scenario in which wellcollimated outflows occur in the very early phases of high-mass star formation (HMSF) and, in their evolution, the outflows get progressively less collimated because of the build-up of an H ii region. Recent magnetohydrodynamics (MHD) simulations show that magnetic fields coupled to prestellar disks drive outflows, which could also be poorly collimated at very early stages of HMSF, depending on the magnetic field strength (e.g., Banerjee & Pudritz 2007 , Seifried et al. 2011 , 2012 .
Although multi-epoch Very Long Baseline Interferometry (VLBI) observations of 22 GHz H 2 O masers were successful in identifying jets/outflows (Goddi et al. 2005; Moscadelli et al. 2007; Sanna et al. 2010) , monitoring studies of outflow formation and magnetic field evolution at early stages of HMSF are still lacking. Fortunately, one very singular case where we can do both studies at the same time does exist; this is W75N(B).
The active massive star-forming region W75N(B) is located at a distance of 1.3 kpc (Rygl et al. 2012 ) that contains three massive young stellar objects (YSOs) within an area of ∼ 1.5 ′′ ×1.5 ′′ (∼ 2000 au × 2000 au), named VLA 1, VLA 2, and VLA 3 (Torrelles et al. 1997; Carrasco-González et al. 2010 ). The sources VLA 1 and VLA 3 show elongated radio continuum emission consistent with a thermal radio jet, while VLA 2, which is located between VLA 1 and VLA 3, shows unresolved continuum emission (≤ 0.08 ′′ ) of unknown nature (Torrelles et al. 1997 ). The three sources are thought to be YSOs at three different evolutionary stages; in particular, VLA 1 is the most evolved and VLA 2 the least evolved (Torrelles et al. 1997) . Several maser species have been detected towards W75N(B) (e.g., Baart et al. 1986; Torrelles et al. 1997; Surcis et al. 2009 ). In particular, the 22 GHz H 2 O masers have been monitored over a period of eight years from 1999 to 2007 (e.g., Torrelles et al. 2003 Surcis et al. 2011, hereafter S11; Kim et al. 2013, hereafter K13) .
Remarkably, while the H 2 O masers in VLA 1 trace a collimated thermal radio jet of ∼ 1 ′′ (1300 au) with PA jet ≈ +43
• (Torrelles et al. 1997) , those around VLA 2 are tracing an expanding shell that evolved from a quasi-spherical to a collimated structure over eight years (T03, S11, K13). Moreover, S11 analyzed the polarized emission of 22 GHz H 2 O masers and found that the magnetic field around VLA 1 and VLA 2 (sepa- (Tables A.1 and A.2, online material). The linear polarization vectors, scaled logarithmically according to polarization fraction P l , are overplotted. In the bottom-right corner of both panels the error-weighted orientation of the magnetic field (Φ B , see Sect. 3) is also reported; the two dashed segments indicate the uncertainties. The ellipse drawn in the right panel is the result of the best fit of the H 2 O masers detected in the present work (epoch 2012.54) . Its parameters are listed in Table 1 . The estimated values of the magnetic field strength are also shown in both panels next to the corresponding H 2 O maser. rated by just 1300 au) has different orientation and strength.
Therefore, we propose W75N(B) as the best case known where the transition from a non-collimated to a well-collimated outflow in the very early phase of HMSF can be observed in "real time". In this letter, we present new polarimetric VLBI observations of H 2 O masers to confirm the elliptical expansion of the shell-like structure around VLA 2 as well as to determine possible changes in the magnetic field.
Observations and analysis
The star-forming region W75N(B) was observed in the 6 16 − 5 23 transition of H 2 O (rest frequency: 22.23508 GHz) with the NRAO 1 VLBA on July 15, 2012. The observations were made in full polarization mode using a bandwidth of 4 MHz to cover a velocity range of ∼ 54 km s −1 . The data were correlated with the DiFX correlator using 2000 channels and generating all four polarization combinations (RR, LL, RL, LR) with a spectral resolution of 2 kHz (∼0.03 km s −1 ). Including the overheads, the total observation time was 8 hr.
The data were calibrated using AIPS by following the same calibration procedure described in S11. We used the same calibrator used by S11, i.e., J2202+4216. Then we imaged the I, Q, U, and V cubes (rms = 21 mJy beam −1 ) using the AIPS task IMAGR (beam size 0.87 mas × 0.61 mas, PA = +3.75
• ). The Q and U cubes were combined to produce cubes of polarized intensity (POLI) and polarization angle (χ). Because W75N(B) was observed 11 days after a POLCAL observations run made by NRAO 2 , we calibrated the linear polarization angles of the H 2 O masers by comparing the linear polarization angle of J2202+4216 that we measured with the angles measured during that POLCAL observations run (χ J2202+4216 = −15
The formal errors on χ are due to thermal noise. This error is 1 The National Radio Astronomy Observatory (NRAO) is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc. 2 http://www.aoc.nrao.edu/∼smyers/calibration/ given by σ χ = 0.5 σ P /P × 180
• /π (Wardle & Kronberg 1974), where P and σ P are the polarization intensity and corresponding rms error, respectively. We estimated the absolute position of the brightest maser feature through fringe rate mapping by using the AIPS task FRMAP. As the formal errors of FRMAP are ∆α = 2.6 mas and ∆δ = 1.2 mas, the absolute position uncertainty will be dominated by the phase fluctuations. We estimate these to be on the order of no more than a few mas from our experience with other experiments and varying the task parameters.
We analyzed the polarimetric data following the procedure reported in S11. First, we identified the H 2 O maser features and determined the linear polarization fraction (P l ) and χ for each identified H 2 O maser feature. Second, we used the full radiative transfer method (FRTM) code for 22 GHz H 2 O masers (Vlemmings et al. 2006; Appendix A, online material) . The output of this code provides estimates of the emerging brightness temperature (T b ∆Ω) and of the intrinsic thermal linewidth (∆V i ). From T b ∆Ω and P l , we then determined the angle between the maser propagation direction and the magnetic field (θ). If θ > θ crit = 55
• the magnetic field appears to be perpendicular to the linear polarization vectors; otherwise, it is parallel (Goldreich et al. 1973) . Finally, the best estimates of T b ∆Ω and ∆V i are included in the FRTM code to produce the I and V models used for measuring the Zeeman splitting (see Appendix A).
Results

VLA 1
The H 2 O masers in VLA 1 are distributed along the radio jet as previously observed by T03 (epoch 1999.25) We detected linearly polarized emission from seven H 2 O masers (P l = 0.6% − 4.5%), and the error-weighted linear polarization angle is χ VLA1 = −41
• ± 15
• . The FRTM code was able to fit four out of the seven H 2 O masers (Table A.1). Because the lower limit of the fitting range of T b ∆Ω is 10 6 K sr, the estimated values of ∆V i and T b ∆Ω are upper limits. The error-weighted values of the outputs are ∆V i VLA1 < 2.4 km s −1 , T b ∆Ω VLA1 < 10 6 K sr, and θ VLA1 = +90
•+10
• −10 • . This implies that the magnetic field is perpendicular to the linear polarization vectors and the error-weighted orientation on the plane of the sky is Φ B VLA1 = +49
• ±15
• . The foreground, ambient, and internal Faraday rotations are small or negligible as shown by S11.
Circularly polarized emission is detected in VLA1.06 (P V = 0.07%) and VLA1.12 (1.8%). Because the FRTM code was not able to determine T b ∆Ω and ∆V i for VLA1.12, we considered the values of the closest maser VLA1.10 to produce the I and V models (Fig. A.1 , online material). The estimated magnetic field strengths along the line of sight (B || ) are +18 mG and -544 mG (a negative magnetic field strength indicates that the magnetic field is pointing towards the observer; otherwise away from the observer). The magnetic field strength B is related to B || by B || = B cosθ if θ ±90
• . Because θ VLA1 = 90
• −10 • , we can only provide a lower limit of B for VLA 1 (Table A. 3).
VLA 2
We detected 68 H 2 O masers (named VLA2.01-VLA2.68; Table A.2, online material) showing an elliptical distribution similar to that observed in epoch 2007.41 (K13). An elliptical fit reveals that the semi-major axis (a) and the semi-minor axis (b) are 136 ± 4 mas and 73 ± 2 mas, respectively, and the position angle is PA = 45
• ±2
• . The center of the ellipse is at the position c α = +593 ± 2 mas, c δ = −690 ± 3 mas with respect to VLA1.06. The eccentricity, e = 1 − (b/a) 2 , of the fitted ellipse is 0.84 ± 0.05.
Five H 2 O masers show linearly polarized emission (P l = 0.7% − 1.6%), and the error-weighted linear polarization angle is
• . The FRTM code was able to properly fit only VLA2.64 and the outputs are ∆V i,VLA2 = 1.98 km s −1 , T b ∆Ω VLA2 = 6 × 10 8 K sr, and θ VLA2 = +84
•+6
• −10 • . This implies that the magnetic field is perpendicular to the linear polarization vectors and the error-weighted orientation on the plane of the sky is Φ B VLA2 = +57
• ± 21
• . Circularly polarized emission was detected towards two H 2 O masers, namely VLA2.44 (P V = 0.7%) and VLA2.48 (P V = 0.4%). These masers do not show linear polarization and consequently no information on ∆V i and T b ∆Ω is available. In order to measure the magnetic field strength, we decided to assign values to ∆V i and T b ∆Ω that could produce the best I and V fitting models. These are ∆V i = 2.0 km s −1 for both masers, and T b ∆Ω = 5 × 10 9 K sr and T b ∆Ω = 10 9 K sr for VLA2.44 and VLA2.48, respectively. The goodness of the fit can be seen in Fig. A.1 . The estimated B || are -152 mG and -103 mG.
Discussion
The immutable VLA 1
The H 2 O masers in VLA 1 show a linear distribution (PA ≈ 43
• ) persistent over 13 years. Nevertheless, there are minor differences compared to S11. Specifically, the flux density has generally decreased from 2005 to 2012 (Table A. 3). This may explain the disappearance of the masers of group A, which also had larger V lsr than groups B and C and thus they were probably tracing an occasional fast ejection event (V VLA 1 lsr = 9 km s −1 , Carrasco-González et al. 2010). The inferred magnetic field in VLA 1 is along the radio jet and it is almost aligned with the large-scale CO-outflow (PA out = 66
• ; Hunter et al. 1994) , as measured in 2005 (Table A. 3).
The stability of the maser and magnetic field distribution around VLA 1 might indicate a relatively evolved stage of this massive YSO in comparison with VLA 2 (see below). K13 (1999.25, 2005.89, 2007.41 ) and the present work (2012.54 (a) Eccentricity, e = 1 − (b/a) 2 . (b) From the difference in the semi-major axis size of the ellipse between different epochs (1999.25-2005.89; 2005.89-2007.41; 2007.41-2012.54 
The evolution of the expanding H 2 O maser shell in VLA 2
Unlikely VLA 1, VLA 2 has shown remarkable evolution both in structure and magnetic field in the last decade, as probed by the H 2 O masers mapped with VLBI at four different epochs. In all epochs, the H 2 O masers have shown a different distribution around VLA 2, in size and/or shape, going from circular (T03, S11) to elliptical (K13, present work; Fig. 2 and Table 1 ).
In epoch 1999.25, the elliptical fit reveals that a and b have almost the same value (e = 0.43 ± 0.01, Table 1) indicating that the H 2 O masers are tracing an almost circular shell-like structure (T03). This shell is thought to be the signature of a shock caused by the expansion of a non-collimated outflow; T03 also measured the proper motion of the individual H 2 O masers, concluding that they are moving outward from VLA 2 at ∼ 19 km s −1 . In epoch 2005.89, S11 found that the circular shell increased its size by about 30 mas, but it did not changed its shape significantly (e = 0.28 ± 0.02). In about six years the circular shell expanded with a velocity of 24 ± 3 km s −1 that is consistent with the proper motions of the individual H 2 O masers (T03). This suggests that the formation of an early non-collimated outflow from a massive YSO is observed at mas scale; S11 also determined that the magnetic field is of the order of 1 − 2 G around VLA 2 and it is oriented along a.
After only two years from the observations of S11, K13 observed that the H 2 O maser shell is still expanding, but along a more dominant axis with PA = +45
• ±1
• (e = 0.79 ± 0.02). The increment of the ellipticity could be the sign of the launching of a collimated jet that overtakes the non-collimated outflow. Surprisingly, the shell is now aligned with both the thermal radio jet and the magnetic field in VLA 1.
Our observations of epoch 2012.54 show that the expansion of the shell still continues after five years and that its ellipticity has increased (e = 0.84 ± 0.02). The position angle of our fit is equal to that determined by K13 indicating that the supposed launching of a collimated jet has actually happened (Table 1) .
In contrast to the magnetic field in VLA 1, the magnetic field in VLA 2 has changed its orientation substantially (Fig. 2) . The magnetic field has rotated by about +40
• during the past seven years and it is now aligned with the major axis of the fitted ellipse of epoch 2012.54 (PA = +45
• ). By comparing Φ B VLA2 with Φ B VLA1 , we notice that the magnetic fields around VLA 2 and VLA 1 are now aligned with both the jet in VLA 1 and the elliptical H 2 O maser shell in VLA 2. This configuration may arise if the large-scale magnetic field of W75N(B) drives the orientation of the two jets and potentially regulates HMSF as suggested by recent observations (Girart et al. 2009 , Tan et al. 2013 . A test of this hypothesis may be to determine the morphology of the magnetic field of the region at large scale via dust polarization observations. Incidentally, we note that the inferred magnetic field direction also appears to be perpendicular to the filamentary core and its velocity gradient traced by NH 3 thermal emission (Carrasco-González et al. 2010) .
A possible physical framework to explain our results in VLA 2 may be provided by recent MHD simulations (Seifried et al. 2012) . In this context, the magnetic pressure drives a slow non-collimated outflow in the very first phase of protostellar formation. Immediately after the formation of a Keplerian disk, a short-lived fast and collimated jet overtakes the slow outflow. This could be qualitatively in agreement with our findings in VLA 2.
In addition, a comparison between |B || | 2005.89 . The masers at the two epochs probe different gas properties and the measured variation of the magnetic field could simply be a consequence of it. We thus speculate that the variation may be due to the launching of the fast jet, but present simulations do not include the variation of the magnetic field strength during the early outflow evolution to corroborate our hypothesis.
From an observational perspective, to confirm our scenario it is necessary to monitor the expanding motion of the 22 GHz H 2 O maser structure and the magnetic field evolution in the region over time. Furthermore, the determination of the 3D velocity structure of the outflow obtained with new proper motion measurements of the H 2 O masers and of the evolution of the continuum morphology of VLA 2 will likewise be important.
Conclusions
We observed the massive star-forming region W75N(B) with the VLBA to detect linearly and circularly polarized emission from 22 GHz H 2 O masers associated with the two radio sources VLA 1 and VLA 2. We observed that while the H 2 O maser distribution and the magnetic field around VLA 1 have not changed since 2005, the shell structure of the masers around VLA 2 is still expanding and increasing its ellipticity. Furthermore, the magnetic field around VLA 2 has changed its orientation according to the new direction of the major-axis of the shell-like structure and it is now aligned with the magnetic field in VLA 1. We conclude that the H 2 O masers around VLA 2 are tracing the evolution from a non-collimated to a collimated outflow.
G. Surcis et al.: Rapidly increasing collimation and magnetic field changes of a protostellar H 2 O maser outflow
Hunter, T.R., Taylor, G.B., Felli. M. et al. 1994, A&A, 284, 215 Kim, J.-S., Kim, S.-W., Kurayama, T. et al. 2013, ApJ, 767, 86 Tables   In Tables A.1 .84 (see Sect. 2). The peak flux density (I), the LSR velocity (V lsr ), and the FWHM (∆v L ) of the total intensity spectra of the maser features are reported in Cols. 4, 5, and 6, respectively; I, V lsr , and ∆v L are obtained using a Gaussian fit. The mean linear polarization fraction (P l ) and the mean linear polarization angles (χ) are instead reported in Cols. 8 and 9, respectively. We determined P l and χ of each H 2 O maser feature by only considering the consecutive channels (more than two) across the total intensity spectrum for which the polarized intensity is ≥ 5σ.
In Cols. 9 and 10 are reported the values of the product of the brightness temperature T b of the continuum radiation that is incident onto the masing region and the solid angle of the maser beam ∆Ω, which is known as the emerging brightness temperature T b ∆Ω, and the intrinsic thermal linewidth of the maser ∆V i . Their values listed in the tables are the outputs of the FRTM code (Vlemmings et al. 2006 ) that is based on the model for 22 GHz H 2 O maser of Nedoluha & Watson (1992) , for which the shapes of the total intensity, linear polarization, and circular polarization spectra depend on T b ∆Ω and ∆V i (Nedoluha & Watson 1991 , 1992 . We model the observed linear polarized and total intensity maser spectra by gridding ∆V i between 0.4 km s −1 and 4.0 km s −1 , in steps of 0.025 km s −1 , using a least-squares fitting routine (χ 2 -model) with 10 6 K sr < T b ∆Ω < 10 11 K sr. We also set in our fit (Γ + Γ ν ) = 1s −1 , where Γ is the maser decay rate and Γ ν is the cross-relaxation rate for the magnetic substated (see Vlemmings et al. 2006 and S11 for more details).
From the maser theory we know that P l of the H 2 O maser emission depends on the degree of its saturation and the angle between the maser propagation direction and the magnetic field (θ; e.g., Goldreich et al. 1973) . Because T b ∆Ω determines the relation between P l and θ, from the outputs of the FRTM code we are able to estimate the angles θ that are reported in Col. 13. The errors of T b ∆Ω, ∆V i , and θ are determined by analyzing the full probability distribution function.
Finally, the best estimates of T b ∆Ω and ∆V i are then included in the FRTM code to produce the I and V models that are used for fitting the total intensity and circular polarized spectra of the H 2 O masers (see Fig. A.1) . The magnetic field strength along the line of sight, which is reported in Col. 12, is finally evaluated by using the equation
where ∆v L is the FWHM of the total intensity spectrum, P V = (V max − V max )/I max is the circular polarization fraction (Col. 11), and the A F−F ′ coefficient, which depends on T b ∆Ω, describes the relation between the circular polarization and the magnetic field strength for a transition between a high (F) and low (F ′ ) rotational energy level (Vlemmings et al. 2006 ). In Table A .3 we compare the parameters of the 22 GHz H 2 O masers detected around VLA 1 and VLA 2 in epochs 2005.89 and 2012.54. The first three rows are the observed parameters. In Rows 4 and 5 are reported the measured linear (P l ) and circular polarization fraction (P V ) in percentage. In the rest of the table we compare the intrinsic charateristics of the masers and the magnetic field properties that have all been estimated from the outputs of the FRTM code. 
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Notes.
(a) The output T b ∆Ω must be adjusted according to the real value of Γ + Γ ν , which depends on the gas temperature (T ). Using ∆V i ≈ 0.5 (T/100) 1/2 (Vlemmings et al. 2006) we estimated that T VLA1 < 2300 K for which T b ∆Ω has to be adjusted by adding at most +1.11 log K sr (Anderson & Watson 1993) . (b) In the fitting model we include the values T b ∆Ω= 1 × 10 6 K sr and ∆V i = 2.4 km s −1 that are the estimated upper limits of VLA1.10 (see Fig. A.1 ). 
(a) The output T b ∆Ω must be adjusted according to the real value of Γ + Γ ν , which depends on the gas temperature (T ). Using ∆V i ≈ 0.5 (T/100) 1/2 (Vlemmings et al. 2006) we estimated that T VLA 2 = 1600 K (Γ + Γ ν = 9 s −1 ) for which T b ∆Ω has to be adjusted by adding +0.95 log K sr (Anderson & Watson 1993) . Tables A.1 and A. 2). The thick red line is the best-fit models of I and V emission obtained using the full radiative transfer method code for 22 GHz H 2 O masers. The maser features were centered on zero velocity. 
